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WIND TUNNEL TEST OF THE 0.019 (2A CONFIGURATION) 
JET PLUME SPACE SHUTTLE INTEGRATED VEHICLE 
IN THE ARC 9~ BY 7-FOOT UNITARY WIND TUNNEL 


(IA128) 
By R. B. Hardin, R. R. Burrows 
ABSTRACT 


This report presents the results of a wind tunnel test of the NASA/ 
Rockwell 0.019=scale, 2A Configuration, Space Shuttle Integrated Vehicle 
in the Ames 9- by 7-Foot Unitary Wind Tunnel. 

The test was conducted at Mach numbers of 1.55 and 2.0 over a Rey- 
nolds number range from 3.5 to 4.1 million per foot. Data were obtained 
at angles of attack from -8° to +8° at 0° sideslip, and at angles of 
sideslip from -8° to +8° at 0° angle of attack. 

The basic configuration tested was the 2A Vehicle with the Orbiter 
at O° angle of incidence with respect to the external tank. The other 
deviations to the 2A Configuration were the SRM shrouds, which were de- 
signed to vehicle "3" lines, and the tank nose, which consisted of the 
retro-package being removed and replaced by a 16.S-inch full scale radius 
nose. . 

It is to be noted that the data sets for runs RBV 01] through RBV 


021 have been eliminated due to erroneous normal and axial force output. 
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INTRODUCTION 


This report contains information concerning a wind tunnel teat ct’ 
the 0,019=scale Spave Shuttle Integrated Vehicle (Jet Plume, 2A cone 
figuration) in the Ames 9= by 7-Foot Unitary Wind Tunnel. The test bee 
gan 23 April 1973 and ended 7 May 1973, for u total of 166 hours. The 
test identification number is IAL@R. 

Inquiries regarding this test should be directed to: 

R. B. Hardin or R. R. Burrows 

Rockwell International, Space Division 

Mail code ACO7 

Dept. 390 

12214 Lakewood Blvd., Downey, Calif. 902h1 

Telephone (213) 922-1432 

L. R. Guist 

NASA/Ames Research Center 

Mail stop 227-5 

Moffett Field, Calif, 94935 

Telephone (415) 965-6258 

The purpose of this test was to obtain (1) six-component force and 
moment data for the integrated vehicle, (2) wing pressure distributions, 
(3) elevon and rudder bending moments, (4) effect of the jet plumes gen- 
erated from the two SRM nozzles and the three orbiter MPS nozzles on the 
integrated vehicle force, pressure, and wing dynamic pressure data, (5) 


effect of SRM and orbiter nozzle gimbal angle, and (G) effect of SRV 
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SUBSCRIPTS 


gc G ~~ CF 


on at + 
t rey fh 


SM BOL 
CP 


MACH 


«(NSM ) 
a( PSF ) 


RN/L 


BREF 


LREF 


SREF 
MRP 


XMRP 
YMRP 
ZMRP 


NOMPRCIATIRR 
CGneral 


OPPINITION 

cpeed of sound; m/sec, tt/aee 
prevoure eoerfielents (py - pal/) 
Mech number; V/n 

pressure; N/m, pst’ 


dynamic pressure, L/oev, N/m‘ , pef 


unit Reynolds number; per m, per ft 
velocity: m/sec, tt/see 

angle of nttack, deprees 

osngle of sideslip, degrees 


eo 


anele of yaw, degrees 


angle of roll, degrees 


‘ 


mass density; ke/m?. slugs/ft- 


Reference & C.G. Definitions 


base ares; m, Pt 
wings spnn or reference span: m, ft 
center of gravity 


reference length or wing men 
nerodynsmic chord; m, ft 


Pa) 


wing aren or reference area; m, ft 


moment reference point 
moment reference point on X axis 


moment reference point on ¥ axis 


t 


moment reference point on @ axis 


brise 

locn) 

static conditions 
total conditions 
free stream 
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~ AABOL 


cp 
L/D 
L/De 


CL 
CD 
CDB 


CDF 


CIM 


CLN 
CSL 


L/D 
L/DF 


NOMENCLATURE (Continue ) 
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DEFINITION 


normii-forces cooffieient; norma. Loree 
qs 


axinleforee coefficient; "xial Lorce 
Qo 


side-rorce coefficient; Siac force 
qs 


base-forcve coefficient; base force 
qs 
“Ap(P, > Px)/42 


forebody axinl force coefficient, Cas Cay 


pitching-moment coefficient; pitching moment 
aS per 


yawing-moment coefficient; vevang Ponent 
q 


rolling-moment coefficient; Rods morent 
q 


StebLlity-Axis System 


lift coefficient; lift 
qS 

drag coefficient; ares 
Q 


base-drag coefficient; base dreg 
q 


forebody drag coefficient; Cy - Cy 


side-force coefficient; Side force gorse 
qa 


pitching-moment coefficient; pitching moment moment 
Vlagr 


yawing-moment coefficient; voueng ponent moment 
qa 

rolling-moment coefficient; ToL lig nomen’ moment 
| 


lift-to-drag ratio; Cr/Cp 
Lift to forebody drag ratio; Cr/ Coe 
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In additior to the standard notation, the following are special to this 


test. 


Symbol 


ADs ops 


AD Ror 


Mou 


AP onsont 


AD opr 


AD enn 


AChouT 


AB at, 


Plot 


Definition 


attitude control propulsion system base ares, 
ft* (total for two) 


external tank total base area (cavity plus 
model base), ft 


base area of orbital maneuvering system (minus 
projected area of OMS nozzle), ft°(total for two ) 


nozzle exit area of OMS, te (total for two) 


total orbiter base area {minus projected exit 
area of MPS nozzles), ft 


SRM shroud base area (minus projected nozzle 
exit area), (total for two), ft¢ 


external tank cavity area, te 
orbiter cavity area, ft 
SRM cavity area, et© (total for two) 


total exit area of (3) orbiter IMPS nozzles, 
zt 


total exit area of (2) SRM nozzles, ete 


orbiter exposed wing panel semi-span (distance 
from exposed root chord to tip chord.), inches 


elevon M.A.C. length, inches 
rudder M.A.C. length, inches 


balance chord force coefficient (uncorrected) 
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o” 


ACPS 


o” 


EOHT 


2 
* 


EOHT 


ss 


OMS 


ss 


OMSN 


> 


ORB 


o> 


ORB 


SRM 


SRM 


attitude control mManuevering system base chord 
force coefficient 


external tank base chord force coc fficient 
(based on A 


EQHT 


external tank base chord force coefficient 
(based on A 


CROHT 


orbital maneuvering System base chord force 
coefficient, 


orbital manuevering system noszle base chord 
force coefficient 


orbiter base chord force coefficient (based 
on ) 
Dae 


orbiter base chord force coefficient (based 
on Ac ) 
ORB 


SRM base chord force coefficient (based on 


*y 


SRM 


ORM base chord force coefficient (based on 
A ) 
SRM 
external tank cavity chord force coefficient 
(corrected to base pressure) 


external tank cavity chord force coeffictent 
(based on A and EOHT cavity pressures) 
CROHT 


orbiter cavity chord force coefficient 
(corrected to base pressure) 


orbiter cavity chord force coefficient (based 


on A and orbiter cavity pressures) 
CORB 
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lll A ln cette noe 


CHEIL 
CHEO 


CHR 


SRM cavity chord force coefficient. 
(corrected to base pressure) 


SRM cavity chord rorce coefficient (based on 


AQ and SRM cavity pressures ) 
SRM 


orbiter nozzle chord force coefficient 


SRM nozzle chord force coefficient 


ascent vehicle forebody chord force coerficient 


ascent vehicle total chord force coefficient 


ascent vehicle rolling moment coefficient 


elevon hinge moment coefficient (Subscript 
denotes inboard or outboard) 


rudder hinge moment coefficient 


ascent vehicle forebody pitching coefficient 


ascent vehicle total pitching moment coefficient 


balance pitching moment coefficient 


ascent vehicle normal force coefficient 


Wing, base, cavity, and upper MPS nozzle 
pressure coefficiens 


ascent vehicle side force coefficient 
ascent vehicle yawing moment coefficient 


mean aerodynamic chord of exposed wing pane] 


(based on By)» inches 
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pote GP1 upper orbiter nozzle; degrees of pitch that the 
! engine is gimballed from null 
2 GP2 lower left orbiter nozzle; jJegrees of pitch that 
7 the engine is gimballed from null 
a GP3 lower right orbiter nozzle; degrees of pitch that 
OS the engine is gimballed from null. 
ate 
oy GPh lett SRM nozzle; degrees of pitch that the nozzle 
=] is gimballed from null. 
Lh 
= 4 
oa: GP5 right SRM nozzle; degrees of pitch that the nozzle 
ci is gimballed from nuill—— 
She 
: “f GY2 lower left orbiter nozzle; degrees of yaw that 
a the engine is gimballed from null. 
We Gi 3 lower right orbiter nozzle; degrees of yaw that 

the engine is gimballed from null. 

GIMBAL 1: GY2=3.5°, GY3=-3.5° 


2: GP1=GP2=GP3=11°; GP4=GP5=5° 


es er - 


G gimbal pitch angle of nozzle from null position 
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: | r ) (denoted by subscript), degrees 

: . Gy ‘imbal yaw angle of nozzle from null position 

: i ( ) deroted by subscript, degrees 

a i incidence angle of orbiter reference plane 

Ae with respect to EOHT reference plane, degrees 
des K elevon hinge moment. gage calibration factor 

[Ee “( ) (subscript denotes inboard or outboard) in- 

ve -1b/ct 

| | K. ratio of Measured to Theoretical Exit Pressure 
aS pe E, meas /P 

: true 

: | K rudder hinge moment gage calibration factor, 
an : in.-1bs/ct 

) oF Kay wing gage calibration factor, in.-1b/ct where 
MY. i = gage number and j = order of K in the second 
i a degree calibration curve fit 

: F f rolling moment balance output, in.-lbs 

cae | . , 

: a Ue 
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“REF 


Mo 


MEP (Xo Yop eZ) 


OPR 


POWER 


SRMPR 
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longitudinal reference Length, tnehes 


tunnel] freestromn Moch mwnber 


eleven hinge moment gaye outpul, raw date 
counts where subscript denotes inboard or 
outboard panel 


rudder hinge moment gage output, raw data counts 
moment reference point in X,Y,Z coordinates, inches 
orbiter nozzle pressure ratio, P./P, 


nozzle exit static pressure (denoted by a 
subscript), psia 


model pressure, psfa 
tunnel static pressure, psa 
tunnel total pressure, psfa 


on: (1) indicates air pressure being supplied to plenums 

off: (0) indicates no air pressure being supplied to 
plenums 

tunnel freestream dynamic pressure, psf 


thermocouple calibration factor, °R/ct; 1 is 
orbiter, @ is SRM 


ratio of plenum total pressure to Pm, ¢ noted 
by a subscript 


ratio of nozzle exit static pressure to P , 
denoted by a subscript 


tunnel Reynolds number, per foot 


elevon area (total one side) ft 


rudder area, ft© 


SRM nozzle pressure ratio, P./P, 
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z 
eS ee ee ae ee 


mi ele 8 i Me el el ee see Oe le 


co =e eg Ts age Bees. 


. 
oe ee eee ee ae ay or er oe 


a a ee ae oa oe are a 


an? oe 


area of one exposed wing panel (includes glove 
area), ft 


reference area, fte 
tunnel freestream static temperature, °R 


tunnel total temperature, °R 


' model pressure weighting factor, either 0 or 1 


model station for center of pressure (Xp) s 
inches 


model station of exposed wing panel center of 
pressure location (Xp) » inches 


orbiter longitudinal station, ir nes 


orbiter station of exposed wing torsional 
axis, inches 


EOHT longitudinal station, inches 
orbiter spanwise station, inches 


orbiter spanwise station of exposed wing root 
chord, inches 


EOHT spanwise station, inches 
orbiter spanwise station of exposed wing panel 
center of pressure location, inches 


vertical distance from centroid of ACPS base 
area to MRP (positive above MRP), inches 


vertical distance from centroid of EOHT base 
area to MRP (positive MRP), inches 


vertical distance from centroid of ONS base 
area to MRP (positive above MRP), inches 


vertical distance from centroid of OMS nozzle 
base area to to MRP (positive above MRP), inches 


vertical distance from centroid of ORB base 
area to MRP (positive above MRP), inches 
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2y 


SRM 


Se wou 


ZC ORB 
2Csrv 


Z2NoRB 


2NsRM 


a=0 


My=0 


ATLRON 


ELEVON 


RUDDER 


ALPHA 


BETA. 


DR 


NTA 


CAFAIO 


CABAFO 


CLMALF 


CLMAFO 


vertical distance from centroid of SRM base 
area to MRP (positive above MRP), inches 


vertical distance from centroid of MOUT cavity 
area to MRP (Positive above MRP), inehes 


vertical distance from centroid of orbiter cavity 
area to MRP (positive above MRP), inches 


vertical distance from centroid of SRM cavity 
area to MRP (positive above MRP), inches 


vertical distance from centroid of orbiter 
nouzle exit area to MRP (positive above MRP), 
inches 


vertical distance from centroid of SRM nozzle 
exit area to MRP (positive above MRP), inches 
aileron deflection defined as (6 )/2. 
degrees 


6 


ey, «(eR 


elevon deflection defined as (6, + 6 )/2, 
degrees L R 


rudder deflection, degrees 


ascent vehicle angle of attack, derrees 
ascent vehicle angle of sideslip, degrees 


incremental rudder deflection, difference between 
two runs, degrees 


Spunwise location, percent semi-span 


forebody uxial force coefficient at, zero angle 
of attack 


base axial force coefficient at zero angle of 
attack 


pitching moment coefficient derivative with 
alphe, 9C1/ 90 


pitching moment coefficient at zero angle of 
attack 
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te ce Ra tn ah RT ets, = ett amyl adie | 


we 


Cy 


| 


CNALFA 


CNAFO 


XAC/L 


CYBETA 


CBLBET 


CYNBET 


XYAC/L 


DCAFDR 


DCN/DR 


DCIMDR 


DCY/DR 


DCBLDR 


DCYNDR 


normal force coefficient derivative with alpha, 
dCy/9q 


normal force coefficient at zero angle ot attack 


longitudinal aerodynamic center, percent of body 
length 


side force derivative with beta, aCy/9g, per degree 


rolling moment coefficicnt derivative with beta, 
dCg/dg, per degree 


yawing moment coefficient derivative with beta, 
38C,,/9g, per degree (body axis) 


lateral aerodynamic center, percent of body length 


forebody axial force due to rudder, difference 
between forebody axial force coefficient of two 
runs divided by their corresponding difference 
in rudder deflection, per degree 


normal force due to rudder, difference between 
normal force coefficient of two runs divided 
by their corresponding difference in rudder 
deflection, per degree 


pitching moment due to rudder, difference between 
pitching moment coefficient of two runs divided 
by their corresponding difference in rudder 
deflection, per defree 


side force due to rudder, difference between 
pitching moment coefficient of two runs divided 
by their corresponding difference in rudder 
deflection, per degree 


rolling moment due to rudder, difference between 
rolling moment coefficient oy two runs divided 
by their corresponding difference in rudder 
deflection, per degree 


yawing moment duc to rudder, difference between 

the yawing moment coefficient of two runs divided by 
their corresponding difference ir, rudder deflection, 
per degree 
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x/C chordwise location 


PQ /Pip ratio ot’ nozzle chamber pressure bo froest ream 
@ 
tunnel total pressure 


P,/Pm ratio of nozzle exit pressure to freestream 
si tunnel total pressure 


2 ~ — eel eee. 


Ae rn 


Subscripts | 
a aileron | 
ACPS attitude control propulsion system 
Cc nozzle chamber : 
e elevon 
EOHT external oxygen hydrogen tank 2 
i inboard | 
L left 
0 out board ) 
OMS orbital maneuvering system 
OMSN orbital maneuvering system nozzle 
ORB orbiter 
r rudder | 
R right | 
SRM solid rocket motor | 
T total | 
W wing 
J top MPS nozzle . 
2 left MPS nozzle } 
3 right MPS nozzle 
h leit SRM nozzle : 
5 right SRM nozzle | 
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CONFIGURATIONS INVESTIGATED 


The modes tested was an 0,.019=seale representation of the Space 
Shuttle Integrated Vehicle. The model has the capability of simulating 
the jet plumes generated from the SRM and Orbiter MPS nozzles by plumb-~ 
ing cold high pressure air to the model nozzles. 

The Orbiter fuselage is constructed of aluminum and Armco steel. 

The Orbiter is rigidly attached to the EOHT. The Orbiter MPS nozzles 
are attached to the nou-metric air supply system which runs through the 
sting support. 

The Orbiter MPS nozzles are constructed of Armco steel. There are 
two (2) sets of nozzles. One set has the capability of being set at 
various gimbal angle positions. The nozzles in the other set are at fixed 
gimbal positions with the upper MPS nozzle instrumented with twelve (12) 
exterior static pressure taps. Both sets have the same internal nozzle 
lines and are used for all Mach numbers. The gimbaling nozzle limits are 
#11° pitch and +9° yaw from null positions. 

The EOHT is constructed of aluminum and sting mounted on an internal 
balance. 

The SRM's are constructed of alyminum and rigidly attached to the 
EOHT. The nozzles of the SRM's are attached to the non-metric air supply 
system which runs through the sting support. The gimbal limits on SRM 
nozzles are +5° pitch and +5° yaw from the null position. 

The Orbiter wing is constructed of Armco steel with the right panel 


being instrumented with forty (40) static pressure taps and the left 
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panel being instrumented with a twoeflexure, throeseomponent betd ing . 
moment balance. (The balance was inoperntive during this test.) 

The elevons are constructed of Armeo stee? and are ixed ato a sere 
deflection position. The elevons on the left hand wing panel are ine 
strumented with hinge moment strain gages. 

The vertical tail is constructed of Armco steel and rigidly attaches 
to the Orbiter. 

The rudder is constructed of Armco steel and is attached to the 
vertical tail through strain gage instrumented members which are used 
for measuring rudder hinge moments. The rudder deflections are +10° from 
the 0° position. 


Off-blocks were made for removable model parts. 
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Component 
B=10 


CH5 
D-7 
F-) 
M-3 
N-8 
N-9 | 
N-11 
V-5 
R= 
W-87 
E-18 
X-8 
S-8 
S=9 


T-10 


Configuration Nomenclature 


Definition 

Body 

Canopy 

Manipulator Housing 
Body Flap 

OMS Pods 

OMS Nozzles 

Orbiter Nozzles 

SRM Nozzles (baseline) M, = 1.55 & 2.0 
Vertical Tail 
Rudder 

Wing 

Elevon 
Transition Strip 
SRM (baseline) 
SRM (shrouds off } 


EOHT 
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Conrigurations Tented 
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The orbiter had three MPS nozzles whose individual simbal points cach 
define the origin of three separate reference systems. ‘These reference 
systems are shown in figure 1 (b). Positive indications of gimbal pitch 
and gimbal yaw ure shown. 

Figure 1 (c) is an cnlnrged view of one of these reference systems. 
All three planes shown are at right angles to one another. The dashed 
lines are projections of the nozzle centerline onto the pitch und yaw 
planes of the reference system. {a) is the angle of pitch, eitiier up or 
down; (¥') is the angle of yaw, either right or left. 

Each nozzle is physically set to a gimbal angle of pitch and/or yaw 
by an apparatus which measures (4), some rudial direction in the base 
plane and (7), the angle from that radial to the nozzle centerline. The 


¢ sector is determined by (a) and (yw): 


$ ] y 
270° to 360° 0° to +90° O° to +90° 
180° to 270° 0° to -90° a° to +90° 

90° to 180° 0° to -90° Q° to -90° 
0° to 90° 0° to +90° 0° to «90° 
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All test programs for this model use the symbol Gp, to denote the 
angle that the centerline of the nozzle ta pitched (up or down), und Gy, 
as the angle that the centerline of the novele tn yawed (right or deft). 
Up and left arc both in the positive dlrection (when looking forward), 

Since all angles are defined from the nuzzle null position, the 
relationships are as follows: 

(1) Gp = @ = any] 


(2) Gy 


» = Ynull 


where Gnyll1 is the angle that the nozule centerline is pitched from the 
reference system axis to null position, and Jnyi1 is the angle that the 
nozzle centerline is yawed from the reference system axis to null position 
(figure 1(c)). 

The @,,,1) and Ynuii ere specified for each MPS nozzle in the dimen- 
sional data for Ng and Nig. It should be noted here, that a side view 
of the orbiter shows that the nozzle base plute is rotated 13° from 
vertical (figure 1(b)). Therefore, the three independent nozzle reference 
systems for nozzle pitch differ from the orbiter's Xo, Yo, 4p reference 
system by a 13° rotation angle f'rom vertical. 

The following equations were used to convert nozzle gimbal angles, 
a and yy, to ¢ and y, the two angles that the fixture uses to duplicate 


the given angles: 


(1) tan > = 2tan yp 


tan a 


(2) tan y = sin ¢ + cos ¢ 


tan a - tan 
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Also. @ = 90° - y for the following fixture settings: 


TOP NOZZLE: 


AERO SETTING ae SHITING 
Null & Firing Gy = Gp = 0 9° +3° 
Gp = +11 o° +14° 
Gp = -11 180° 8° 
Gy = +9 288° 9.5° 
Gy = -9 TL? 9.5° 
Gp = +11, Gy = -9 32.5° 16:5° 


BOTTOM LEFT NOZZLE: 


Firing (R3.5) Gy = -3.5 


Gp 
Gp 
Gy 
Gy 
Gp 
Gp 


+11 


-11 


180° 
336.5° 
193.6° 
256.7° 
118.3° 
34..42° 


229.4° 


2h 
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oe a 
144° 
12.8 
6.2° 
9.7° 
46° 


BOTTOM RIGHT NOZZLE: 





AERO SETTING 


Firing (L3.5) Gy = +3.5 


Null 


+11 
-11 
+9 
“9 


FIXTURE SETTING 


180° 3° 
23.5° 8.7° 
166 62° ace: - THO 
241.8° 6.2° 
103. 3° 12.8° 
Oh 14.7° 
130.6° 4. 6° 


ee ees 


+> 
TEST FACILITY -: 
The tests were conducted in the Ames 9= by [Foot Supersonie Wind 
Tunnel, This tunnel is a variable density, continueus tlow type with 
an adjustable noazzle to permit supersonic testing over a Mach number 
range continuously variable from 1.5 to o.5, The nozzle is of the 
asymmetric, sliding-block type in which the variation of the test sec- 
tion Mach number is achieved by translating, in the streamwise direction, 
the fixedecontour block that forms the floor of the nozzle. 
a6 7 
op - ; 
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TESTING AND PROCEDURE 


A six-component 2.5 inch Task MK XI-A internal balance was mounted 
in the EOHT and measured the total forces on the integrated vehicle, 


Model fouling strips were mounted aroune the sting at the base of 
the EOHT, and around the orbiter and BSRM plenums,. 

The pressure instrumentation for the Integrated Vehicle is itemized 
below for each component. The pressures marked with an asterick ( #) 
were measured by model mounted scanivalves, and the remaining pressures 


were measured on individual transducers outside of the model. 


Orbiter Pressures: 


*(4) Orbiter base statics 

(3) MPS engine totals 

(3) MPS internal nozzle statics 
*(2) MPS nozzle cavity statics 
*(1) OMS nozzle base 
*(7) OMS base 
*(1) ACPS base 


EOHT Pressures: 


#(2) EOHT base statics 
*#(2) Balance chamber statics 


BSRM Pressures: 


*(2) BSRM nozzle cavity statics 


(2) BSRM internal nozzle statics 
(2) BSRM nozzle totals 
*(4) BSRM internal shroud statics 


Wing Panel Pressures (Righthand Panel): 


*(23) Static pressure taps on top of panel 
"(17) Static pressure taps on bottom of panel 
(6) Dynamic pressures on top of panel 
(2) Dynamic pressures on bottom of panel 
(2) Dynamic pressures on the side of fuselage 
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Hinge Moment Measurement 


The left hand wing panel is attached to the Orbiter - means of two 
(2) strain gaged tangs. Bending moment measurements were not good. 

The elevons on the left hand wing panel were Strain gage instrumented 
for measuring hinge momentyg about the elevon hinge line. There are two 
(2) elevon vanels per wing panel with the two (2) elevon panels of the 
left wing heing independently instrumented. The hingeline is at Orbiter 
Station X, = 1387 in. full scale or X, = 26.35 in. model scale. 

The rudder was strain gage instrumented to measure the bending 
moment about the rudder hinge line. (Rudder hingeline is on the 60 per- 
cent element line.) 

The integrated vehicle angle-of-attack was measured ~by a pendulum 


type angle transducer. The angle transducer was mounted in the nose of 


the EOHT. 


Jet Plume Simulation 
a er en lanl 


The Ames Unitary Tunnel high pressure air Supply was utilized for 
cold jet plume simulation of the jet plumes emanating from the Orbiter 
MPS and the BSRM nozzles. 

The Orbiter MPS and the SRM nozzles were each on an independent 
air supply system which allows for separate throttling of each system 
of nozzles. 

Plume shapes for various Mach number/nozzle combinations were pro-= 
duced by setting Specific values of either Po/Pp,, or P./Pip, Nominal 


settings for plume shapes are outlined in table 3 for Orbiter nozzle and 


BSRM nozzle. 


‘“ 
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DATA REDUCTION 


Aerodynamic forces and moments were reduced in the body-axis system. 


Cavity and base=pressure measurements were used to make adjustments to 


the force and moment data. The following equations were used for these 


adjustments. 


Ascent vehicle total chord force coefficient (Can): 





Ca. =C +C +C +C +C +#c 
Ag * “ApaL ~ “ACorn  “ACrguy = “ACspw  *NonB | “NSRM 
where: 

C e - Cr + Cr 

ACorE ACornn “bor 
C ch +C, 

ACE ONT Account bout 


*& & 
C = -C +C 
ACsRM AConn “bsp 


102 Cp, Aconn\ 


WF; SREF 


204 A 
Cp, [Ac 
eo | Fim 201 PA ( os 





a 

© 

e 
6G 





SREP 








204 Cp, /Ay 
ag ( ORB 








Ca = + : 
N 204 Spr 
ORB Ey 20, We. \ REF 
304 Cp, /Ag,, 
. Fy S303 ( EOUT 
EOHT 304 SREF 
oF 303 WF; 


og 


nee 


. 
5 a i a te! 


Se eee ee es ere ee ee ee) 


_ 


ee, oe a ne er 


mee cede a lll eaten ie Maat a a FT | le le i 


me ell 


302. € 

















Bega, Pt [CE our 
C = 
Abe ouT r, aan wr, \ SREF 
104 Cp Ac 
ot Fee 103 tf OSE 
CRM e ae WF, \ SREF 
404 Cp, fAc 
RE ee eae eal Py 
DsRy ts en WF; SREF 
Ee aor Pt /NSRM 
Ca me EO 
NspM . eee wF, \SREF 





Ascent vehicle total pitching moment coefficient (Cun) : 





of Corp ae “Corp 
CMr “Mpat .~ SAcoRE RpEePp Adorn erp 





ZNopp * -CRONT * ZC oT 
Nore | 2rer Eout | 2REF EOHT REF 





ot “Csr | of "CseMl Co fs 
ACsRM LREF bsrn | ®REF ‘SRM | £REF 
Substituting: 


Zc ZN ZC,. 
ORB ORB LOUT 
My * C + C + C +C — 
: MBAL " “ACoRp EE | “Norn eae | *Cr out | LREF 





Ed 


ZC ZN 
SRM SRM 
+ C + Cay 
ACypM ee | SRM E | 
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Forebody chord. force coeffiedient (Cae): 


Ca. = C.-C -C -C 
As AT Aborn Adgout ~ “Abspy 


-Ca -C -¢ 
Abons ~ “Abomsn  “Abacps 


wheres--.-. .. mn ee 


204 Cp, | Ap 


C = 
Abons 204 








t= 201 “Fa 





C 
Abr ONT 302 


302 cp, [A 
Epo 49). | DEOHT 
i= 301 “ 


Fy 


: . . -k #403 
ae i = 401 





5 404 Cp, a 


WFg 





= (Cp3095) 


E Abomsn 
Abonsn SREF 


b 
OMS 
Abous 105 E 


= -(C 





*p 
nog | 2a 


c 
Abacps SpEP 
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Ascent vehicle forebody pitching moment (Cre) : 7 


Zp : “by 
ORB LONT 
Mgr” “Avon: pea About | ®REF | 


ive Zbspm | _ Cp at 
Adspn | RREF boms | &REF 


S26 2bonsn | _ 2b acPs 
Abonsy | &REF baces | 2Rer 


Wing, base, cavity, and upper MPS nozzle pressure coefficient (Cp,): 


Py - Po 
3 Naa q 


Elevon hinge moment (Cy): 








Mer Key 


m K 
e, Se 
2.2 (outboard) 


“eg " q Se Ce 


Cie. * CHe, + He. 


where: 


m ® raw cts 


K ® calibration factor (in.~1b/ct 


ee 


Rudder hinge moment (Cy): 


my Ky 
C ee = 
Hy gq Sr ér 





32 





Jet Plume Parameters (RPC, y BP e ( 5)! 


PC 


RPC ) # 144 — 


Pe 


RPe ( = 144 =O 


33 








Reference Dimensions and Constants 


.Full Scale 


28.he £t* 
ius 
4 572.56 f° 
EOHT 
16.973 f° 
hee 
2 
25.631 ft 
Desi 
2 
226.75 ft 
— 
2 
383.94 ft 
ee 
Ao 366.5 f° 
EOHT 
Ag 302.40 £47 
ORB 
Ao 181.378 f° 
SRM 
Lh1.4h £t® 
a 
2 
347.36 ft 
se 
D. 363.341 in. 
C. 90.7 in, 
C. vu r h in e 
Cc, 513.474 in, 


in=-lbev 
K = P ee EE 
; (pos) = 26,20 — 
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Model Seale 


yy 
0.01006 rt° 
0.2067 £t* 
2 

0.00613 ft 
2 

0.00925 ft 


0.08186 rt 


0.1386 rt" 


0.132 rt° 


0.1092 ft° 


0.0654 rte 


0.0511 ft* 


0.1254 £t- 


6.903 in, 
l. 723 in, 
1.4124 in, 


9.756 in. 


(neg) = 26,39 = 


in-lbev 
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Reference Dimensions and Constants (Continued) 


K 
r 


Lrer 


sao oe Yq oZemp) 


EOHT 


OMS 


eS 


OMSN 


(pos) = 27.03 


Full Seale 


inelbev 
mv 


(ORB) = 1.060 


in-lb=v 


(pos) = 20.800 >= mv 


1328.0 in. 


(953,0.0, 400) in. 


210.0 ft" per wing panel 


106.38 f° 
. t¥ 
1006.5 ft” 


2690.0 ete 


1150.79 in. 


105.0 in. 


402.987 in. 
0.0 
415.505 in. 


437.94 in. 
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(neg) = 20.885 


Mode t Genale 
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(neg) = 27.h2 


(SRM) = 1.070 


25.232 in. 
(76.11,0.0; 
0.0758 ft 

0.038 rt” 

0.363 ft* 

‘9 

0.971 ft” 

0.5289 in. 
21.865 in. 

0.1586 in. 

1.995 in. 


7.656 in. 


0.0 


7.895 in. 


8,321 in. 
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Reference Dimensions ana Constants (Concluded ) 


Full Seale Model Geule 

ZDORB 310,0 In bh 80 in, 
ZDoRB 0.0 0.0 
ZeroHT 0.0 0.0 

349. 6h tn. 

2Corp 349.66 6.08 in 
“Cony 0.0 0.0 

ZNorB 335.0 in. 6.36 in. 
ZNoRM 0.0 0.0 


Component Hinge Moment Data 

The left hand wing panel was instrumented with a sincle-flexure 
three component moment balance. This balance was Lemperature compensated 
and gave accurate measurements at all tunnel temperatures. 

The two elevons of the left hand wing panel and the rudder were each 
instrumented with single component moment balances. These balances were 
not temperature compensated and experienced large zero shifts during the 
test. During any specific pitch or yaw run the zero shifts were negligible. 
However, during a series of pitch and yaw runs the zero shifts happened at 
a point that cannot be determined. The sensitivity did not change. The 


tabulated data for these components (CHecgy? Cit, ) are presented 


C 
He(o)? 
and should be used only for obtaining slopes of these measurements vs. 4 


or B and should not be used for defining magnitude of the moment load. 
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TABLE 1; 


TEST $ ARC 97-710 


DATE $ 23APR73 


TEST CONDITIONS 





REYNOLDS NUMBER DYNAMIC PRESSURE TAGNATION TEMPERATURE 
MACH eee | (per unit length) (founds.’sg, inch) (degrees Fahrenheit) 
4.1 X10 953 136 
| 20 750 117 


BALANCE UTILIZED: 2-5 inch diameter TASK MK XI 


CAPACITY: ACCURACY: TOLECRIE 


NE 1700 ids 
SF 700 lbs 


AF 1000 ibs ' 
PM 7425 in. lbs 
RM 2000 in lbs 
YM 2450 in lbs 


+ 
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MODEL COMPONENT: 


TABLE 4 
MODEL..DIMENSIONAL DATA 


Rockwell Lines VL70-000089 ''B". 





B1O - Rod nee oe 


GENERAL DESCRIPTION: Fuselage, 2A Configuration, Lirhtweight. Oroiter pur 
‘ ES a I a a TT SE ET SE DET EE EEN DET EIS CTS IIE TTT TIES TBST ISI IE IO AE A I OTB Se tay 


POD TS A. eRe OU NR catte ~ wlle 
+ 


Scale Model = 0.019 
VL70-000089 "Bb" 





VL70-000092, 93, 94 "A" 
DRAWING NUMBER: iro dl 
DIMENSIONS: FULL-SCALE 

Length — in. 1328.'3 

Max. Widthain. (¢X_ = 1528.3) 265.0 

Max. Depth ~ in. (aX, = 1480.52) 248. 

Fineness Ratio 5.012 

Area ~ Ft.¢ 

Max. Cross-Sectional 456.4 
Planform - 


Wetted = 


> 
OT ere CT ev ee 2 ee oe er es i es 
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MODEL SCALE 


£42258 
5.03% 
4.717 
§.01° 


0.1648 





- tas. 


TABLE 4. MODEL DIMENSIONAL DATA (Continued) 
MODEL COMPONENT: C5 Orbiter Canopy | SS. . 
SS Sree snepuneseseenacendubeenaustavaveneussstorremanesieeveree-« 


eee + 


GENERAL OESCRIPTION; Orbiter Canopy for Lipht Weipht Orbiter Confayuraticn 
LE LL LS SL SS a ag SAaUNSaNegustbegueinahpioeendnademerceeeen>—.. 


— 


-  yemp ote - ee? Yo 


Re 


a a ee i enema a St a a 
Model Seaic = 0.019 | 








. 1 
DRAWING NUMBER: VL-70=-000092 , 
DIMENSIONS : FULL-SCALE MODEL SCALE 
STA. FD. Bulkhead, in 391.0 72429 
STA. T.E., in 560.0 10.640 
Canopy/Rody Intersection, IN__391.0 7429 


a ee sy 


- 
are - - 
- * = 


bh 











TABLE 4, (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT: D7 - Manipuiator Housing 


GENERAL DESCRIPTION: 2A Configuration Per Rockwell tines VL70~O1%093 


SRNR;  _snsGennubabnueyamnsieubfpmatpusbwustemnssiesssuanmmessueaese 


eee ae, 


Scale Model = 0.019 


ARR Opt SS ++ + into Oc en 


re Ne aN 











DRAWING NUMBER: L70-000093; SS-A-00092 

DIMENSIONS: FULL-SCALE MODEL SCALE 
Length ~~ in. . 8°10 16.736 
Max. Width ~ in. 51.0 


6.909 . 


Max. Depth ~in. 23.0 0.457 


Location at: 


Fineness Ratio ramnGene vee ion ere 
Area 

Max. Cross-Sectional ge ee pane eee eee 

Planform eae Sy eee ee 

Wetted Paar Ene ee 

| Base ae. eee aot 


¢ Fuselage BP = 0.0 
WP = 500.0 INFS 
' Xo426.0 to X,1307.0 INFS 
| 
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TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT; 


GENERAL DESCRIPTION: 





Model Scale = 0.0]9 
DRAWING NUMBER: 
DIMENSIONS: 


Length. in 
Max. Width, in 
Max. Depth 
Fineness Ratio 
Area, 2 
Max. Cross-Sectional 
Planform 
Wetted 
Base 
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VL-70-000094, "A", SS-A-00095 


FULL-SCALE 


ee 


8/,.'/6 


AH 





14?.64 








38.65 
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MODEL SCALE 


4.60% 


a ae ee en 


0.05149 
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" GENERAL. DESCRIPTION: 


TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: M4 - OMS POD 





~ _VL70-000094,"'4" 





Scale Model = 0.019 


DRAWING NUMBER: VL70-00009L "A"; SS-A-00092 
DIMENSIONS: | . FULL-SCALE MODEL SCALE 





Length ~— in. ee 34.6.0 
Max. Width~in. © Xo 1450.0. | 108.0 
Max. Depth~in. Xp 1500.0 113.8. 


Fineness Ratio ! 
Area 
Max. Cross-Sectional 
Planform 
Wetted 


TEE LRP 


EEE 


Rase 


€ of OMS POD 

7o 2 463.9 INFS: WPLUO + 63.9 = 463.9 INFS 
Yo = 30.0 INFS 

Length: X%4 1224.0 to X% 1540.0 = 346.0 INFS 


% 


ee oe cr ee 


el eee et tee eh 
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TABLE 4, MODEL DIMENSIONAL DATA (Continued) : 


ore lS bed 


MODEL COMPONENT: N& - OMS Nozzle I. 


SA Pe TSE a a Ea DRE IL ET POT EERE a GE OE PRE SEEMED TESTIS 


GENERAL DESCRIPTION: Basic OMS: Nozzle of the 2A Configuration per Rockws) | 


Lines VI,70-008306 and VI70-000089_"B" 








oe EET ME A te CD AEDES, , RSL CeP RES 
pa PFU Coo PN RS 0 > ee 


DRAWING NO, ~VL20-008306 . V170-000089"B", SS~A00092 


DIMENS {ONS | FULL-SCALB MODEL SCALE 
i 
MAGI NO. == : 

















DIAMETER DEX ~ IN 3 50.00 0.950 
DIAMETER DT ~ IN : N/A. N/A 
DIAMETER DIN ~ IN | 28.00 0.532 
GN ~ DEGREES ) Mw wa 
AREA ~~ Ft2 
MAX CROSS-SECTIONAL 13.635 0.0049: 
GIMBAL ORIGIN Xp Y P 
Left NOZZLE ~ IN 1518 -~88.0 L492 
Right NOZZLE ~ IN 1518 +88.0 492 
NULL POSITION PITCH YAW 
Left, NOZZLE -ex Deg. ~*~ : 15°49! -12°17 
Right NOZZLE ~~ Deg. 01,9! +12°17! 
Intersection of Nozzle 
Exit Plane and Nozzle 
Centerline: ~ Ii 
, Xo @ 2570-7 
- Yo= 299-25 21.886 
ro = 507.25 =i ign lOO 


- Le. or he Po. ar ie Sess Pb 2a eS aes ecceues Pn anor peraron 
' om 


= a = r iF 
ee 


TABLE 4. MODEL DIMENSIONAL DATA (Continued) 





MODEL COMPONENT : N9 Orbiter Nozzies 


Pt linen ee 


+ 


i. GENERAL DESCRIPTION: _ Orbiter Nozzles used for Cold Jet Plume Simulation at __. 
: M = .9,1-25, 1.55,2-0,3.0 and 3.5. All Three Model Nozzles are Mounted to 


Ball Sockets which allow Gimbal Angles of #11° Pitch and t9° Yaw et 


from NULL. Model Scale = 0.019 





DRAWING NO. SS-A-00092;_ SS-A-00095 
DIMENS IONS . | FULL-SCALB MODEL SCALE 
MACH NO. 9 thru3.5 
DIAMETER DEX ~ IN | 90.73 1.7238 
DIAMETER DOT ~ IN | 28.126. 0.5344 
DIAMETER DIN~ IN | 47.336 . 0.7098 
@N ~ DEGREES | 2 : 
AREA Ft 
MAX CROSS-SECTIONAL (Exit) bis 896 0.0162 
GIMBAL ORIGIN Xp Yp Zp 


UPPER NOZZLE ~ IN (F.S., M.S.) 1445.0, 27.455 0.0, 0.0 bh3.0, Soi” 
BOTTOM NOZZLE ~ IN (F.S.j M.S.)  1467-2..28.890 53.0, 1.007 342.6, 6.526 











NULL POSITION PITCH YAW 
UPPER NOZZLE 16° 9° 
BOTTOM NOZZLE 10 3.5° (OutBD) 
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TABLE 4, MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT : Nj} BSRM Nozzles ee : | 


GENERAL DESCRIPTION: _ BSRM Nozzles used for Cold Jet Plume Simulation at Moo « 
1.55 and 2,0 A/A* = 11.0 

Used’ with 5g (Baseline) ee 
Model Scale = 0.019 ; 
DRAWING NO. SS-A-00095; SS-A-0009%, 





DIMENS IONS | FULL-SCALB.. .. MODEL SCALE 
MACH NO. 1.55, 2.0 
DIAMETER DEX ~IN (xX = 47.196" M.S.) 176.00 3 3h 
DIAMETER DT ~ IN (X%, @ 43.80" M.S.) 53.10 1.0009 
DIAMETER DIN ~ IN 69.32. 1.317 
GN ~ DEGREES 20,0 20.0 
AREA ~ r2 


MAX CROSS-SECTIONAL (Exit per Nozzle) © _168.94 0.0610 
GIMBAL ORIGIN Xt Yt 24, 


Se 








Left NOZZLE ~ IN (F.S., M.S.) 2281, 43.339 -2h3, -4.617 1,90, 7.6U0 
Right NOZZLE ~ IN (F.S., M.S.) 2281, 43.339 +243, +h.617 400, 7.000 


NULL POSITION PITCH YAW 
Left NOZZLE 0° 0° 
Right NOZZLE Q° 0° 


TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


| MODEL COMPONENT: VERTICAL ~ V5 (Light Wt. Orbiter Conficurat ion) eee 
GENERAL DESCRIPTION: Centerline Vertical Tail, Double Wed. Airfoil with 
Rounded Le ading Fdeo Ne ee EE 


a a a Te ae a a a a a A ENE 


Model Scale = 0.019 | | oa 


DRAWING NUMBER: 0-0000 





DIMENSIONS; 
TOTAL DATA 


Area (Theo) Ft® 
Plan form 

Span (Theo) In 

Aspect Ratio 

Rate of Taper 

Taper Ratio 

Sweep Back Angles, degrees 
leading Edge 
Trailing Edge 
0.25-Element Line 

Chords: Inches 
Root (Theo) WP 
rip (Theo) WP 


Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
 B. L. of .25 MAC 
Airfoil Section 
Leading Wedge Angle ~ Deg 








Trailing Wedge Angle ~ Deg 


Leading Edge Radius, tn 
Void Area~pr2 
Blanketed Area ~Ft2 


o1 


02 


FULL -SCALE 


AV3.24 
ato. 7e 


1.475 


0.507 
0 ° LOl, 


1% .Q00 
20.289 
1.130 


P2A3.50 
199, R. 
11.63 ° SU 





MODEL SCALE 
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TABLE 4. MODEL DIMENSIONAL DATA (Continued) 








Ps 
MODEL COMPONENT: ~ Rudder 
GENERAL DESCRIPTION: _ 2A Configuration per Rockwell Lines VI. 70-000095. 
Seale Model = 0.019 a | a RAN eS ee PE RR 
DRAWING NUMBER: NL70-000095__S§-A0C091, 92 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area ~— 2 | 106.38 0.03%, 
Span (equivalent)~In 201.0 3.819 
Inb'd equivalent chord, IN 91.585 L. 71,0 = 
Outb'd equivalent chord, IN 50 .83'3 0.966 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 04,00 0.400 
At Outb'd equiv. chord Q.1,00 0.400 
Sweep Back Angles, degrees 
Leading Edge 3.83 3b. 83 
Tailing Edge 26.25 26.25 | 
Hingeline | 34.83 _ 34.83 
Area Moment (Normal to hinge line)~Ft3 _ 626.13 _0.00361___ 


Product of Area and Mean Chord 


ey eee — ——_ —-+ al 
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ORIGINAL PAG 


fp IS POOR 
TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


MOVEL COMPONENT:  WING-W 87 Lightweight Orbiter 
GENERAL DESCRIPTION: Orbiter Con do 


eee: 


"NOTE: (Dihedral angle is defined at. the uw:- 


Cd 


élement e@ ) 
ected ints s« plane perpendiculay to the FRL.) 








Scale Model =, 





Ey . woo a a CERES 








TEST NO. . DWG. NO. VL a 
; BS) J) Pee 
DIMENSIONS: FULL@SCALE = MODEL “Hn. | 
TOTAL DATA 2 
Area (thec.) Ft 
Pilanform 2690. APE 
Span (Theo In. : nie Ui ies 
Aspect Ratio “2.205 eat 
Rate of Taper 1.177 as PE 
Taper Ratio | 0.200 T Oneco 
Dihedral Angle, degrees 5-900 500 
Incidence Angle, degrees : , 
Aerodynamic Twist, degrees . ; F5.000 + 
Sweep Back Angles, degrees | 
Leading Edge 45.000 45.060 
Trailing Edge “=10.2, =10. 
6.25 Element Line 39:209 35.209” 
Chords: ~ iN | ote 
Root oe B.P.0.0- 689. 2h, ee 
Tip, (Theo) B.P. . 137.85" ~~Z 
MAC LM, . 61 5.071 
Fus. Sta. of 29 MAC TI36.89 21.04 
WeP. of 02d MAC 299.20 5 Ba: 
Dole of 22d MAC ' 182 13 rE 
EXPCSED IATA 
Aree C Tneo) Ft? : 1752.29 0.67: 
5;an ,_ (Theo) In. 8P108 720,68 13.493. 
Aspes Ratio g:058 . 2 253 
nore : Ratio 0.2.51 eZ! OM. 
hore. 
Root BP108 302.4 10.256 
Tip nee 137.85 2.61% 
MAC 4 ements came 
Fus. Sta. of .25 MAC 5. 20, 8°) 
WoP. Of .25 MAC 20 Jie 
B.L. of .25 MAC 252.76, 


Airfoil Section (Rockwell Mod NASA) 
XXXX—-64 
t/e eRoot b = 0.425 | | 0.10 


eon Ys (se 
Ye wtip $ = 1.00 e ; 0.12 0.12 
Data for (1) of (2) Sides ° 


Leading Edge Cuff 
Planform Area Ft ) 


py. 
Leading Edge Intersects Fus M. L. @ Sta 560.0 
Leading Edge Intersects Wing @ Sta 1035.0 


33 
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TABLE 4, MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: E18 - Elevon 
cae ah A | Ee ee 


GENERAL-_DESCRIPTION: 2a Configuration Per W-87 Rockwell Lines VL70-0C0093 
Data for (1) of (2) Sides 


NS SSE a Sp pe rsesveesirphhshsennnnaeitgstgneeeeryeenrn 
Scale Model = 0.019 


DRAWING NUMBER: VL70-000093 ; SS~A-00092 

DIMENSIONS: __ FULL-SCALE MODEL SCALE 
Area .W 2 205.52 0.0742 
Span (equivalent) ~ in. 353.34 6.713 
Inb'd equivalent chord (B.P.115.0in),in 11.78 2.181 
Qutb'd equivalent chord (B.P.468.3in),in 55.00 __. 1.045 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0.208 0.208 

At Outb'd equiv. chord 0.400 __0.400 
Sweep Back Angles, degrees 

Leading Edge 0.00 0.00. 

Tailing Edge -10.24 -10. 24, 

Hingeline (X #1387" RS). 0.00 0.00 
Area Moment (Normal to hinge line) Ft? 1, 548.07 0.01062 


Product of Area Moment 


NOTE: The elevon panel consicts of an InBD and OutBD segment. The 
Split line dividing the segments is at B.P. 281 inches full 
scale (B.P. 5.339 inches Model Scale) 
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TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


ee eee ek 


COMPONENT: Xq Trarisition Stripe 

DESCRIPTION: Transition grit strips used in AMES 9x7 wind turzel. 
Microbeads were used to make grit strip. Microbead 
diametor equals 0.0091. inches. 
Model Scale = 0.019 

LOCATIONS: (Dimensions Model Scale) 


SRM: 1.Oimches aft of nose (0.125" wide strip) 


ee 


EOHT:1.5 inches aft of nose (0.125" wide strip) 


WING: 0.5 inches perpendicular to wing leading edge 
(0.125" wide strip) 


VERTICAL TAIL: 0.25 inches perpendicular to tail leading 
edge (0.125" wide strip) 


| ORBITER BODY: 0.75 inches aft..of nose (0.125" wide strip) 


Ee ex toe 


A ee ee 
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TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: SR - Booster Solid Rocket Motor 


Data for 1 of 2 sides 


Model Scale = 0.019 
DRAWING NUMBER: VL~72~000088 


DIMENSIONS: 





Length (Includes Nozzle) », 
Max. Width (Tank Dia.), IN 
Max. Depth (Aft Shroud), IN 
Fineness Ratio 

Area , Frt2 


Max. Cross-Sectional 


Planform ... wn. oe meee cece re wee 


Wetted 


W.P. of BSRM Centerline, (X:), IN 


.3. of BSRM.Nose (X%), IN 
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| GENERAL DESCRIPTION: Booster Solid Rocket Motor 


LL ST SS GS eves a=snjinetesasshemamreenapemmnen 
Body" of revolution 
Lt ee erenntenneseunvate svenseseistereneeeeeeeeee. 


VL~77-000036 


FULL-SCALE 


1741.0 

142.0 

205.0 
8.49268 


; 











229.21 














400.0 





® 


wes awe ae . jaar kw. ae hee ! . " hi 
- rane rn | eae. aie 
be 


MODEL SCALE 


-080 
. 2.698 
3.895 
8.49268 











0.08274 





7.600 
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TABLE 4. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: Sq Booster Solid Rocket Motor 





GENERAL DESCRIPTION: Same as S@ BSRM except the aft shrouds have been 


removed. . Body of revolution; data for 1 of 2 sides. 


SL SS pneu eensepsnsteuaspressusteresesnneenereeeeeee, 











DRAWING NUMBER: VL72-000088_; VL77-000036 
DIMENSIONS : FULL-SCALE MODEL SCALE 
Length (includes nozzle), in. 1741.0 33.080 
Max. Width (diameter), in. 142.0 2.698 
Max. Depth 
Fineness Ratio 3.2:261 22-261 
Area, FL.2 | 
Max. Cross-Sectional 109.978 0.397 
Planfora 
Wetted ae ae 
Base Etna ee AEE, roe aR 
W.P. of SRM centerline, X,, in. 400.0 12600 
F.S. of SRM nose, x,, in. 743.0 MWe? 
5T 


pe = np ets v vs “ Fah i Stilt Ag a tn nly Bl le 
ang opts Pray weet Mat 
7) = sym test wee gps ae 
— o 7a ivy 





TABLE 4, MODEL DIMENSIONAL DATA (Concluded) 























MODEL COMPONENT: T10 External Tank ; : 
GENERAL DESCRIPTION: | External Oxygen Hydrogen Tank 7 
Configuration to which the Orbiter and the Two Solid Rocket Motors attach : 
Body of revolution 
Model Scale = 0.019 
—— 
DRAWING NUMBER:  VI~70-000088 - YI~-78-000041 
DIMENSIONS: FULL-SCALE MODEL SCALE 
, Length, IN (Nose @ & = 309.0) 1865.0 35.435 
Max. Width (Dia. ), IN 324 .0 6.156 
Max. Depth ° : - 
Fineness Ratio 5.75617 5.75617 
Area_ Ft? 
Max. Cross-Sectional 572.56 0.2067 
Pianform a 3 
- Wetted = - 
\. Base | a et 
"WP. of Tank. Cénterline »° (%&) IN --__ 400.0. _@ 600 - 
b ® 
58 
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2 - Bowe mae nee meen - se ee - - - woe yy 
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Nozzle Piteh Plane 






: Nozzle 
Orbiter 
z Aft Yaw Plane 
7 sy 
; ; 
a q 
‘< 
Line 
Perpendicular 
to Orbiter 
Water Plane 
1.3: Upper MPS Nozzle 
13° Gimbal Point 
2e: BottomeLeft MP: 
Nozzle Gimbal Point 
3: BottomeRight MPS 
Nozzle Gimbal Point 
. Figure lb. Gimbdel Planes end Sign Conventions 
60 
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This plane is parallel to the 
nozzle base plate. All gimbal Nozzle Pitch 


angles are set and measured 
with reference to this ; Plane (shaded) 


plane. 





ik he li cea eg 


Gimbal 


. Nozzle Yaw Plane 
¢= 180° 
Figure lc. Nozzle Gimbal Angle Defitied 
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